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Experimental  Study  of  Chemical  Alleviation 
for  Improving  Reentry  Communication* 

Zonghou  Chu,  Boyi  Wang,  and  Lie  Lin 
(Instltude  of  Mechanics,  Academlca  Sinica) 

ABSTRACT 

Chemical  alleviation  for  improvement  of  reentry 
communication  by  solid  ablation  and  liquid  injection  has  been  a 
practical  technique.  The  mechanism  of  chemical  alleviation  and 
the  method  of  experimental  studies  of  simulation  in  an  arc  tunnel 
are  discussed  in  this  paper.  Experiments  are  performed  in  the 
HllDF  arc  tunnel  by  two  diagnostic  methods  which  are  the 
microwave  method  and  the  probe  method.  From  the  experiments,  the 
effects  of  ablative  products  from  the  heat-protection  material 
upon  the  electron  concentration  in  the  flow  field  and  upon  the 
transmission  of  the  electromagnetic  wave  and  the  effect  of  the 
injection  of  different  electrophilic  reagents  upon  the  electron 
concentration  in  the  flow  field  are  determined.  This  has 
provided  the  basis  for  selecting  the  heat-protection  materials 
and  determining  their  properties^ 
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I.  Introduction 


When  a  high  velocity  aircraft  reenters  the  earth's 
atmosphere,  part  of  Its  kinetic  energy  will  transfer  Into  the 
Internal  (or  thermal)  energy  of  the  surrounding  air  molecules  due 
to  the  surface  friction  and  the  compressive  heating  by  the  shock 
wave.  The  air  temperature  between  the  shock  wave  and  the 
aircraft  can  reach  several  thousand  degrees  such  that  the  neutral 
molecules  will  be  Ionized  Into  Ions  and  free  electrons  and  then  a 
plasma  Is  formed.  These  charge  particles  may  drift  to  the  rear 
of  the  aircraft  and  form  a  long  bright  tall  of  hot  plasma  whose 
length  Is  about  several  ten  times  of  the  aircraft's  diameter. 
This  Ionized  molecule  layer  which  Is  surrounding  the  reentering 
aircraft  Is  usually  called  "reentry  plasma  sheath". 

Inside  the  reentry  plasma  sheath,  there  are  a  large  amount 
of  free  electrons.  Since  the  electromagnetic  wave  will  be 
absorbed,  reflected,  or  scattered  by  the  free  electrons ,  these 
free  electrons  can  Interfere  or  even  worse  can  Interrupt  the 
transmission  of  the  electromagnetic  waves.  The  Interruption  of 
reentry  cormunlcat Ion  had  been  found  In  the  reentries  of  the 
Intercontinental  missile,  returning  earth  satellite,  and  space 
shuttle.  The  Interruption  sometimes  lasts  as  long  as  15  minutes. 
Therefore  the  Interruption  of  reentry  communication  Is  a 
difficult  problem  for  the  design  of  aircraft  and  remote  control 
api^aratus  on  the  groui.d.  This  Is  hard  to  be  overcome  especially 
for  the  mission  of  Instant  signal  transmission,  e. g. ,  electronics 
competition  and  Induced  explosion,  object  Identification,  and 
language  communication,  etc.  This  Is  also  the  common 
proLlerr.  laceU  by  all  countries  who  want  to  develop  the  strategic 


guided  missiles  and  the  aerospace  technology. 

There  already  are  some  methods  to  Improve  the  reentry 
communication. In  this  paper,  we  will  study  the  mechanism  of 
chemical  alleviation  for  Improving  the  reentry  communication  and 
will  Investigate  the  experimental  methods  of  simulation  In  an  arc 
tunnel.  The  methods  of  the  probe  and  the  microwave  are  employed 
here  as  the  diagnostic  techniques.  From  the  experiments  we  are 
able  to  determine  the  effect  of  the  ablative  products  from 
various  heat-protection  materials  upon  the  electron  concentration 
Inside  the  flow  field  and  upon  the  transmission  of 
electromagnetic  waves.  The  effect  of  the  Injection  of  various 
electrophilic  reagents  upon  the  electron  concentration  In  the 
flow  field  Is  also  studied  In  this  paper.  Our  experimental  data 
will  be  compared  with  those  data  measured  In  the  free  flight. 

The  primary  simulation  parameters  for  the  interruption  of  reentry 
communication  in  the  reentry  plasma  sheath  are  the  electron 
concentration  and  collision  frequency.  The  arc  tunnel  of  high 
enthalpy  and  low  density  can  satisfy  the  requirements  of  the 
simulation  under  certain  conditions. 

II.  Mechanism  of  Chemical  Alleviation 

When  the  electromagnetic  waves  pass  through  the  plasma,  the 
chargcu  particles  of  the  plasma  are  forced  to  oscillate  by  the 
electromagnetic  waves.  The  energy  consumed  by  the  oscillation  Is 
inversely  proportional  to  the  mass  of  the  chargea  particles. 
Their  relation  Is 

iF(o  -  "'(o)  -  ^  (^’J  -ly  ( 1 ) 

where  W(t)  and  W(0)  are  the  kinetic  energies  of  the  ahargcv. 


A. 


particles  at  time  t  and  0,  respectively.  Me  Is  the  mass  of  the 
charged  particle,  e  is  the  electron  charge,  Eq  is  the  amplitude  of 
the  alternative  electric  field,  and  U)  Is  the  angular  frequency 
of  the  electric  field.  Since  the  mass  of  the  atom  Is  about  three 
orders  of  magnitude  larger  than  that  of  the  electron,  the 
electrons  consume  most  of  the  energy  of  the  electromagnetic 
waves.  Therefore  the  transmission  of  the  electromagnetic  wave 
through  the  plasma  can  be  enhanced  by  attaching  these  electrons 
to  the  neutral  molecules  to  form  the  negative  Ions. 

Chemical  alleviation  can  be  achieved  by  adding  some  special 
heat-protection  materials  or  injecting  some  electrophilic  liquid 
to  the  upstream  of  the  antenna  window  of  the  reentering  aircraft. 
These  electrophilic  addenda  entering  Into  the  reentry  plasma 
sheath  will  attach  the  free  electrons  and  form  negative  Ions. 
The  electron  concentration  in  the  plasma  sheath  will  decrease 
6)uch  that  the  electromagnetic  waves  can  transmit  through  the 
plasma  sheath.  In  general,  the  atoms  or  molecules  which  have 
high  Ionization  potential  will  have  high  electron  affinity  for 
their  negative  Ions.  As  shown  in  Fig.  1,  the  alkali  metals  and 
the  alkaline  earth  metals  have  low  ionization  potential  and  are 
easy  to  be  ionized.  On  the  other  hand,  the  halogen  elements  have 
high  ionization  potential  and  then  have  strong  electron  affinity. 
Therefore  the  halogenldes  such  as  polymeric  tetraf luoroethylene, 
freon,  sulfur  hexafluoride,  and  carbon  tetrachloride,  etc.  are 
all  good  candidates  for  chemical  alleviation.  For  ablative 
alleviation,  the  concentration  of  the  alkali  metals  and  the 
alkaline  earth  metals  in  the  ablator  should  be  reduced.  But  some 
electrophilic  chemicals  should  be  added  to  the  ablator  to  form  a 
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compound  material.  This  compound  material  under  the  high 
temperature  of  the  plasma  sheath  will  be  ablated  and  those 
electrophilic  elements  will  flow  Into  the  plasma  sheath  and 
attach  the  free  electrons.  For  Injecting  alleviation,  the 
electrophilic  liquid  Is  Injected  Into  the  plasma  sheath  by  a 
pumping  system.  The  Injected  liquid  Is  deflected  by  the  high 
speed  air  flow  and  becomes  small  fragment  drops.  These  drops 
will  quickly  vaporize  and  react  with  the  gases  Inside  the  plasma 
sheath.  The  electron  concentration  In  the  plasma  sheath  can  thus 
be  reduced  by  this  method. 

There  are  three  primary  physical  and  chemical  processes 
Involved  In  the  chemical  alleviation.  The  first  process  Is  the 
multi-phase  recombination  process.  The  surface  of  the  third  body 
which  la  the  liquid  drop  serves  as  a  catalytic  surface.  The 
recombination  rate  between  the  Ions  and  electrons  can  be  enhanced 
on  this  surface.  During  the  change  from  the  liquid  phase  to  gas 
phase,  the  liquid  absorbs  energy  and  cools  down  the  gases.  This 
process  also  can  Increase  the  recombination  rate  between  the 
electrons  and  Ions.  The  second  process  Is  the  process  of 
charging  liquid  drops.  Due  to  the  random  thermal  motion  of  the 
Ions  and  electrons  Inside  the  plasma  sheath,  It  Is  possible  that 
the  free  electrons  may  stick  to  the  liquid  surface.  The  liquid 
drops  will  thus  be  negatively  charged  and  have  stronger  surface 
electric  iieiJs.  After  these  liquid  drops  vaporize,  negative  lone 
are  produced.  The  third  process  Is  the  attaching  process  In  gas 
phase.  Most  of  the  alleviators  In  the  sheath,  after  going 
through  various  chemical  reactions  at  the  high  temperature  and 
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high  velocity  gas  flow,  will  produce  some  electrophilic  atoms  , 
molecules,  and  compounds.  These  particles  have  high  electron 
affinity  and  can  attach  electrons  to  form  stable  negative  Ions. 
These  are  the  main  processes  for  chemical  alleviation.  Now  we 
choose  polymeric  tetraf luoroethylene  as  an  example  to  explain  the 
chemical  reaction  processes  In  the  sheath.  When  the  temperature 
exceeds  1000  °K,  the  polymer ictetraf luoroethylene  will  dissociate 
Into  monomolecule  rapidly  as  follows: 

high  temperature 

-(CF2  ~  CF2  )n  - ^  ^  ^2^4  ^2) 

The  tetraf luoroethylene  molecule  will  react  with  the  gases  inside 
the  sheath.  The  majority  of  the  gases  Inside  the  sheath  are  N2f 
N,  and  0.  Tetraf luoroethylene  may  collide  with  N2  or  N  and 
dissociate : 

C,F,+ M— 2CF,+ M  (3) 

w.iere  M  is  either  N2  or  N.  Tetraf  luoroethylene  may  collide  and 
be  oxidized  by  the  oxygen  atom,  too  : 

C,F4  +  CF,  +  CO  (  4  ) 

CF2  and  CF4  also  can  react  with  some  other  gas  elements: 


CF,  +  W  •-^  CF  +  F  +  W 

(5) 

CF,  H-  M  ^  2F, 

(6) 

CF, -F  0^-*CF.O  +  2F 

(7) 

CF, +  0'^C0-F  2F 

(8) 

T+  f— F- 

(9) 

In  fact,  the  concentration  of  each  gas  elements  is  determined  by 
the  partial  pressures  of  the  air  and  the  ablative  products  inside 
the  sheath,  by  the  variation  of  the  thermal  energy  with  respect 
to  time,  and  by  the  reaction  time. 


wjf-  V . 
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In  order  to  assess  the  effectiveness  of  each  alleviator 
quantitatively,  a  simple  analysis  Is  described  below.  The 
reaction  between  the  alleviator  and  the  free  electrons  takes 
place  In  the  gas  phase.  Its  reaction  process  Is  reversible. 


A  +  t  X-  +  y  (10’ 

where  A,  e,  X~,  and  Y  represent  the  alleviator,  free  electron, 
negative  Ion,  and  neutral  product.  The  forward  process  In  Eq. 
(10)  Is  the  attachment  process  which  will  take  out  the  electrons, 
ka  Is  the  electron  attachment  rate  constant.  On  the  other  hand, 
kb  Is  the  electron  detachment  rate  constant  of  the  backward 
process.  In  the  plasma,  the  rate  equation  for  the  number  of  free 
electrons  can  be  expressed  as  follows: 

^  +  kt^X~^Y  (11) 

where  Ne»  Na»  Ky  t  and  Ny  are  the  numbers  of  the  free  electrons, 
alleviator,  negative  Ions,  and  forward  reaction  products, 
respectively,  and  t  Is  the  reaction  time.  For  alleviators.  It  Is 
always  true  that  ka  >>  kb*  So  the  last  equation  can  be 


simplified  to 


According  to  the  conservation  law  of  the  numbers  of  particles, 

A^.(O)  -  N,  —  A',(0)  -N,  (13) 

where  Na(0)  and  Ne(0)  are  the  Initial  number  of  alleviator  and 
free  electron,  respectively.  Substitute  Eq.  (13)  Into  Eq.  (12) 
and  Integrate  It,  then  we  have 


.V,(0)A',+  lA’.(O)  -:^^,(0)] 


-  exp{-[.Y.(0)  -AU0)]M 
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If  the  number  of  the  electrons  decreases  remarkably  after  the 
reaction,  l.e.,  Ne(O)  >>  then  the  last  equation  can  be 
simplified  to 


N, 

Kio) 


N.(0)  -  NAO) 

W.(0) 


«P{--[AU0)-A',(0)]-1,/} 


( 15) 


If  Ne/Ne(0)  Is  used  for  the  assessment  of  the  effectiveness  of 
the  alleviation,  the  most  Important  factors  can  be  seen  from  the 
last  equation.  They  are:  electron  attachment  rate  constant  ka. 
Initial  number  of  the  alleviator  Na(O),  and  reaction  time  t. 

The  negative  Ion  produced  from  the  electrophilic  molecule 
sometimes  Is  not  stable.  Especially  at  high  temperature.  It  may 
loose  the  electron  again.  This  Is  the  backward  detachment 
process.  The  stability  of  the  negative  Ion  Is  determined  by  Its 
electron  affinity.  The  higher  the  electron  affinity  Is,  the 
higher  the  work  needed  to  remove  an  electron  from  the  negative 
Ion  Is.  The  negative  Ions  of  the  halogen  elements  are  very 
stable  because  their  electron  affinities  are  very  high. 

III. Experimental  Apparatus  and  the  Diagnostic  Methods 

We  use  the  HllDF  arc  tunnel  for  the  experimental  studies  of 
the  simulation.  This  tunnel  has  the  properties  of  high  enthalpy 
and  low  density.  Fig.  2  is  the  schematic  diagram  of  the  tunnel 
and  Table  1  given  operation  parameters  of  the  tunnel.  Nitrogen 
gas  is  heated  by  a  heater  before  it  enters  the  mixing  room,  but 
oxygen  gas  Is  fed  into  the  mixing  room  directly.  They  are  mixed 
in  the  mixing  room  according  to  their  partial  pressure  ratio  In 
the  air.  This  mixed  gas  is  then  injected  Into  the  test  chamber  by 
an  ultrasonic  nozzle.  The  properties  of  the  flow  field  are 
measured  in  this  test  chamber.  For  the  experiment  of  ablative 
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alleviation,  the  worm  and  worm  gear  mechanics,  which  is  driven  by 
a  servo  motor,  sends  the  specimen  into  the  mixing  room  for 
ablation.  In  this  case,  the  ablative  products  will  exist  in  the 
gas  flow,  and  the  properties  of  the  flow  field  with  ablative 
products  can  be  measured  in  the  test  chamber.  For  the  experiment 
of  injecting  alleviation,  the  electrophilic  liquid  is  injected 
into  the  gas  flow  through  a  nozzle  near  the  ultrosonlc  nozzle. 
The  direction  of  injection  is  perpendicular  to  the  direction  of 
the  gas  flow.  The  liquid  from  the  nozzle,  which  is  under  the 
heavy  collision  of  the  gas  flow  at  ultrasonic  speed,  will 
become  foggy  drops  and  mix  with  the  gas  molecules  flowing 
down  stream.  So,  the  properties  of  the  flow  field  with  injecting 
liquid  can  be  measured  in  the  test  chamber.  Our  arc  tunnel  can 
be  operated  stably  and  continuously  for  a  long  period.  For  each 
operation,  we  can  measure  the  variation  of  the  microwave 

transmittance  and  the  electron  concentration  inside  the  pure 
flow  field  and  the  flow  field  with  ablative  products  or  injecting 
liquid  simultaneously. 

In  order  to  obtain  experimental  data  accurately,  we  employ 
two  plasma  diagnostic  techniques,  namely  the  probe  method  and  the 
microwave  method,  and  compare  these  two  results  with  each  other. 
At  first,  we  measure  the  electron  concentration  in  the  pure  flow 
field  .  Then  we  determine  the  alleviation  after  the  alleviators 
are  added. 

The  electrostatic  probe  is  a  cylindrical  iridium  wire  with  a 
diameter  of  0. 5  mm  and  a  length  of  10  mm.  A  series  of  teste  can 
be  done  by  moving  the  probe  along  the  axis  of  the  flow  field. 
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The  probe  Is  charged  by  an  external  power  supply  and  the  cover 
layer  of  the  tunnel  Is  used  as  the  compensating  electrode.  The 
measured  current (A)  varies  as  the  applied  voltage  (V)  changes. 
The  V-A  characteristic  curve  can  thus  be  obtained.  This 
characteristic  curve  Is  dependent  on  the  electron  concentration 
and  the  temperature  of  the  plasma  .  Their  quantitative  formula 
can  be  derived  from  the  probe  theory.  Figure  3  shows  the  V-A 
characteristic  curve  measured  by  the  probe  method.  The 
advantages  of  the  probe  method  are  that  the  experimental  set  up 
Is  simpler,  It  has  wide  dynamical  range,  and  all  points  and 
their  distribution  can  be  measured.  Its  disadvantages  are  that 
the  flow  field  will  be  Interfered  by  the  probe  and  that  the 
surface  of  the  probe  will  be  corroded  by  the  ablative  products 
and  the  accuracy  of  the  measurement  will  be  affected. 

It  Is  easier  to  measure  the  electron  concentration  In  the 
pure  flow  field  by  the  probe  method.  This  Is  because  the  pure 
flow  field  has  tlie  same  concentration  of  electrons  and  Ions.  But 
when  the  ablative  products  or  Injecting  liquid  are  Inside  the  flow 
field,  the  V-A  characteristic  curve  will  change  because  of  the 
existence  of  the  negative  lone.  In  this  case,  the  saturation 
current  of  the  positive  probe  (cnotrlbuted  from  the  electrons  and 
the  negative  Ions)  will  decrease  remarkably.  However,  the 
saturation  current  of  the  negative  probe  (contributed  from  the 
positive  Ions)  will  Increase  slightly.  If  the  concentration  of 
the  negative  Ions  in  the  flow  field  Is  very  high,  the 

characteristic  curve  of  the  single  probe  Is  almost  close  to 
symmetry.  In  this  case,  only  the  floating  potential  method  can 
be  used  to  determine  the  electron  concentration.  According  to 


'  .  ^  h  • 
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our  experimental  conditions,  the  relation  between  the  electron 
concentration  and  the  floating  voltage  Is  simplified  as  follows: 

jEf  ^  iiHi* _ 

-  eip I  V^-V,y  .  (16) 

where  ne  and  neO  are  the  electron  concentration  In  the  flow  field 
with  and  without  alleviator,  respectively,  (Vjq  -  Vj )  and  (Ji/Jio) 
are  the  difference  of  the  floating  voltage  and  the  saturation 
current  ratio  of  the  positive  Ions  with  and  without  alleviator, 
k  Is  the  Boltzmann  constant,  and  Te  la  the  thermal  temperature  of 
the  electrons. 

By  using  the  transmission  property  of  the  microwave  Inside 
the  plasma,  the  plasma  parameters  such  as  electron  concentration 
and  collision  frequency  can  be  determined.  The  advantages  of  the 
microwave  method  are  non-contact  and  fast  response.  Its 
disadvantage  la  that  only  the  Integrated  or  average  values  can  be 
measured.  We  use  a  microwave  transmission  apparatus  with  three 
frequencies  of  Gz,  Xs,  and  Ka  to  diagnose  the  flow  field. 

Its  block  diagram  Is  shown  In  Fig.  4.  The  power  transmission 
coefficient  can  be  measured  by  this  microwave  transmission 
apparatus. 

The  transmission  of  the  electromagnetic  wave  Inside  the 
plasma  Is  a  very  complicated  problem.  For  the  first  order 
approximation,  we  simplify  our  experimental  conditions  so  that 
only  one  dimension  Is  considered.  We  also  assume  a  homogeneous 
plane  wave  Is  normally  Incident  on  a  homogeneous  thick  plasma 
with  a  boundary  and  Is  under  no  magnetic  field.  According  to 
the  theory  of  Interaction  between  the  microwave  and  plasma, 
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several  one  dimensional  equations  are  derived  and  are  shown 


below ; 


7  _  (1  —  rVexpC— 

1  —  r’exp( — 4a^) 


Cl  -my  +  r 


-  — I 
c 


( 19) 


where  1 ,  J  ,  Z  ,  /J  f  t  and  oJ  are  the  power  transmission  coefficient 
of  the  microwave,  power  reflection  coefficient  at  the  boundary, 
attenuation  Index,  refractive  Index,  attenuation  coefficient,  and 
frequency,  respectively;  ^p,  t)  ,  neO»  cl  are  the  plasma 

frequency,  collision  frequency,  electron  concentration,  and 
effective  thickness,  respectively;  e  and  me  are  the  charge  and 
mass  of  the  electron.  For  these  six  equations,  there  are  five 
known  values:  T,  d,  ,  e,  and  me,  and  there  are  seven  unknown 
values:  7-  ,  ^  ^  ,  i^’p,  i/'  ,  and  neO*  By  using  the  diagnostic 

technique  of  double-frequency  transmission  and  the  calculation 
method  of  overlap-substitution,  the  power  transmission 
coefficient  can  be  measured  from  two  microwave  frequencies.  The 
electron  concentration  In  the  flow  field  and  the  collision 


frequency  can  then  be  determined. 

IV.  Dlecusslon 

The  ablative  alleviation  and  the  Injecting  alleviation  are 
Investigated  separately  under  the  stable  operation  of  the  HI IDF 
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arc  tunnel.  Our  goals  are:  first  of  all  to  study  the  feasibility 
of  the  ground  simulation  In  the  arc  tunnel  and  the  reliability  of 
our  diagnostic  methods;  secondly  to  study  the  effect  of  the 
ablative  products  from  the  compound  material  which  contains 
different  alleviators  upon  the  microwave  transmittance,  and  to 
find  out  the  best  compound  material  which  has  the  best 


alleviation ; 

thirdly 

to 

determine  the 

effect 

of 

various 

Impurities  in 

the  heat 

-protection  material 

upon 

the 

electron 

concentration 

In  the 

flow 

field,  which 

can  be 

used 

as  the 

reference  for  the  material  technology;  finally  to  study  the 
effect  of  various  Injecting  electrophilic  liquids  upon  the 
electron  concentration  In  the  flow  field  and  to  choose  the  best 
liquid  alleviators.  After  several  hundred  times  of  experiments, 
we  have  reached  our  expected  goals  which  are  described  below. 

1.  For  the  measurement  of  the  electron  concentration  In  the 
flow  field:  It  Is  3.0  x  10^^/c.c.  which  was  measured  by  the  probe 
method.  The  average  value  measured  by  the  microwave  transmission 
apparatus  with  three  frequencies  is  3.3  x  10^^/c.c..  These  two 
results  agree  very  well.  The  collision  frequency  in  the  flow 
field  measured  by  the  microwave  method  Is  3  x  lO^/sec. 

2.  Figure  5  Is  the  power  transmission  coefficient  at 
different  microwave  frequency  when  the  microwave  transmits 
through  the  flow  field.  As  shown  in  the  figure,  the  power 
transmission  coefficient  Increases  uy  increasing  the  microwave 
frequency. 

3.  Figure  6  shows  the  effect  of  the  ablative  products  of  the 
compound  material  which  contains  polymeric  tetraf luoroethylene 
upon  the  microwave  transmittance,  where  X  Is  the  fraction  of 
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polymeric  tetraf luoroethylene  in  the  compound  material,  m^  and  m^ 
are  the  material’s  ablation  rate  and  the  mass  flux  of  the  gas, 
respectively.  As  shown  in  the  figure,  the  alleviation  increases 
by  increasing  the  fraction  of  the  polymeric 

tetraf luoroethylene. 

4.  Figure  7  shows  the  effect  of  four  different  kinds  of 
liquid  alleviators  upon  the  electron  concentration  in  the  flow 
field,  where  m^  is  the  injection  rate  of  the  liquid  alleviator. 
As  shown  in  the  figure,  the  alleviation  increases  by  Increasing 
the  injection  of  the  alleviator.  It  should  be  noted  that 
freon  has  the  best  alleviation. 

5.  Table  2  lists  our  experimental  data  and  the  experimental 
data  of  the  free  flight. ^  As  can  be  seen  from  the  table,  these 
two  data  are  basically  consistent  with  each  other  for  polymeric 
tetraf  luoroethylene  and  freon.  b'e  thus  conclude  that  the 
chemical  alleviation  experiment  in  the  arc  tunnel  is  a  good 
simulation  method  and  is  worth  further  tucly . 
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Fig. 1  The  Ionization  potentials  of  the  atoms. 
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Fig. 2  The  schematic  diagram  of  the  HI  IDF  arc  tunnel. 

1.  water  pool;  2.  high  pressure  water  pump;  3.  modulating  speed 
circuit;  4.  servo  circuit;  5.  worm  and  worm  gear  mechanics;  6. 
vacuum  pump;  7.  vacuum  room;  8.  cooler;  9.  pressure  expander;  10. 
probe;  11.  ultrasonic  nozzle;  12.  mixing  room;  13.  delivery 
mechanics;  14.  arc  heater;  15.  microwave  lens  and  antenna;  16. 

gas  supplier;  17.  tunnel  control  board;  18.  silicon  rectifying 
power  source. 


.  I  \ 


y-lOOmV/cm 


'=T^^  '••‘•y 

Fla. 3  Th.  V-A  ch.r.ct.rl.tlc  curve,  of  the  pure  flo,  field  end 

the  flo.  field  vlth  ..ter  v.por., The  curve,  . . .  by  the 

•lectroetatlc  probe. 

1.  probe  current,  2.  pur.  flo.  field,  3.  ..ter  v.por,  A.  probe 
voltage. 


4  The  block  diagram  of  the  microwave  transmieeion 


apparatus. 


1.  recorder;  2.  amplifier  of  selective  frequency;  3.  attenuator; 
4.  crystal  microwave  detector  ;  5.  comparator;  6.  injection 

arm;  7.  tranemleslon  arm;  8.  directional  coupler;  9.  separator; 

10.  double-T  modulating  distributor;  11.  antenna;  12.  lens;  13. 
air  plasma;  14.  distribution  load;  IS.  signal  source. 
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nlcrb'wlftve  "frequency  ( KHz ) . 

Fig.  5  The  pover  tr.n..l,.lon  coefficient  v.  .Icro.,.,  frequency 
Inside  the  air  plasma. 


Fig.  6  The  effect  of  the  ablative  products  from  the  compound 
material  which  contains  polymeric  tetraf luoroethylene 
microwave  transmittance. 

1.  power  transmittance  <db);  2.  time  (sec). 


1  n 


upon  the 


Table  1.  The  operating  parameter?  of  the  H11''"F  arc  tunnel 


Arc  Keat*^r 


Arc  Voltagf>  ;  90  V 


Room  i  Te-^t  Chamb^'r 


Total  Enthalpy  ,5800  cal/g,  K  Number 


Arc  Current  ?50  amp  Temperature  j  6800  K  ]  Otatic  Pre'-'^ur^'  1  Torr 
Arc  Pover  22.5  KW  Total  Pre<^?ure  0. 658.,xlo'’ i  Ctatic  I  900  K 


22.5  Total  Pre<^?ure  0.658^x10^!  Ctatic 

nt/m"  j  Temperaturf' 


Mae?  Flux  of  0.36  g/  Electron 
Nitrogen  ?ec  Concentration 


10^  /c.c.  j  Ga'-  Penrity  I  6x10“ 'g/ 


Mae?  Flux  of  0.11  g/?ec  |  Total  Mae?  Flux^  O.E7  g/'- 
Oxygen  j  of  Ga<='ep  j 

*  t  -1  1 

I  Electron  |  10  /c.c 

i  Concentration  I 


;'able  2.  Th<=  Compari'='on  betveen  the  experimental  '^ata  of  the  arc  tunnel 
anf^  the  experimental  f’ata  of  the  free  flight. 


i  Fata  of 

Fref^  Flight 

Data  of 

HUFF  Tunnel 

A^r’enc’a 

'  m,  /  m 

1  f  P 

n^  (//c.c.) 

m  /  m 
'  P 

'  n  .  (1  /r .  c  .  ) 

None 

1 

;  0 

1 

^  lo^i  i 

0 

^  ipll 

Polymeric 

Tetraf luoro^thy- 
lene 

1 

0.033 

p  10’  , 

0.5 

j  10° 

i 

Freon 

0. 6h6 

1  ^  108  1 

!  __  i 

Abstract 

1.0 

0 

0 

1 — 1 

1 

^Cbenxical  allexiation  for  improrement  of  rventrr  eommanicatioD  by  oolid  ablation 
and  liquid  injection  has  boen  a  practical  way.  The  mechanism  of  chemical  aUeviation 
and  the  method  of  experimental  studies  of  simulation  in  an  arc  tunnel  are  diascusaed  in 
this  paper.  Studies  have  been  performed  in  the  HI  IDF  arc  tunnel  hr  dia^oetic  me¬ 
thods  of  heat-protection  ■mterial  'upon  the  electron  concentration  and  the  microwave 
transmission,  and  the  injection  of  different  electrophilic  reagents  upon  the  electron  con¬ 
centration  have  been  determined.  This  has  provided  basis  l^r  selection  heat-protection 
materials  and  identifying  their  properties.  >7  - 


